Aspect of reproductive ecology of Caridina typus and Caridina sakishimensis were studied in six headwater streams in Kikai-jima Island, Southern Japan. Monthly surveys were conducted from June 2005 to June 2008. Shrimp specimens were collected with a hand scoop net. The population size of C. typus was lowest during high precipitation periods but showed immediate recovery attributed to successful recruitment and increased following the major spawning activities, while that of C. sakishimensis remained stable throughout the study period. The breeding season of C. sakishimensis was estimated to extend from March to November, with a main breeding season lasting from June to September, while that of C. typus lasted from March to December. Overall ovigerous females comprised 50% to 80% of mature females of C. sakishimensis during the main spawning season, which indicated that this species remained and spawned mainly in the headwaters. Both C. sakishimesis and C. typus carried a large number of small sized eggs. This study revealed that the spawning season, egg size, and brood size are similar in both species; usage of headwater streams was different between C. sakishimensis and C. typus. Caridina sakishimensis employed these water bodies as spawning ground while C. typus used them as nursery ground.
INTRODUCTION
Atyid shrimp are among the most important biotic components in freshwater habitats. They use their chelae, which bear hairs and setae, for scraping, filtering, and collecting food (algae, leaf litter, and other organic debris) (Fryer, 1960; von Rintelen et al., 2007) , and as a result influence detrital processing (Crowl et al., 2001) . Furthermore, they are known to manipulate sediment and periphyton with the help of their setaceous chelae and pereiopods (Molina, 1987) . According to Pringle and Blake (1994) atyid shrimp along with water flow play interacting roles in sediment distribution.
Studies on the population ecology of atyids have revealed that temperature and hydrology are the main factors affecting their recruitment, growth, survival, and breeding patterns (Hancock and Bunn, 1997; Dudgeon, 1985; de Silva, 1988a, b) . These environmental parameters stimulate and maintain gametogenesis and other reproductive processes in freshwater invertebrates, and are strongly tied to latitude differences (Adiyodi and Subramoniam, 1983) .
Caridina typus H. Milne Edwards, 1837 has been found as the most dominant species in Kikai-jima, while Caridina sakishimensis Fujino and Shokita, 1975 also attains a sizeable density (Soomro et al., 2010) . Caridina typus is a cosmopolitan atyid being widely distributed in the Indowest Pacific from South Africa through Polynesia to Japan (Bouvier, 1925; Johnson, 1960 Johnson, , 1961 Tiwari and Pillai, 1971; Costa, 1972; De Silva, 1982; Soomro et al., 2010) . In Japan, this species has been reported in the southern, central, and northern Ryukyu Islands (Shokita, 1979) as well as Kyushu, in the southern part of Honshu, and in the northeast region it was found up to the Izu Peninsula. In the Japan Sea, this species is limited to the Oki Islands (Kamita, 1970) .
On the other hand C. sakishimensis, an endangered species (Kagoshima Red Data Book, 2003) , has a restricted distribution and is only reported in the southern and central Ryukyu Islands (Yonaguni-jima, Ishigaki-jima, and Miyako-jima in the south; and Kume-jima, Okinoerabujima, and Kikai-jima in the center) (Shokita, 1979; Suzuki and Satoh, 1994; Soomro et al., 2010) . Thus, these two atyid shrimp, which have different geographical distributional patterns, coextensively inhabit in Kikai-jima Island where there are a few surface drainage systems. The present paper reports on the comparative reproductive aspects including spawning season, fecundity, spawning ground, and recruitment of C. sakishimensis and C. typus in Kikai-jima Island, southern Japan.
MATERIALS AND METHODS
Kikai-jima is one of the Ryukyu Islands located in the south of Japanese mainland (latitude 28u20900N and longitude 28u20900E). Initial sampling was conducted bi-monthly from June to November 2005 and regular monthly sampling was conducted from December 2005 through June 2008 at small pools of six stations established at Karimata-no-izumi, Shiomichi, JOURNAL OF CRUSTACEAN BIOLOGY, 31(1): 41-49, 2011 Nagamine, Ooasato, Takigawa, and Urabaru (Fig. 1 ). Specimens were not collected in February 2006 , April 2007 , and March 2008 due to unfavorable weather. Specimens were caught with a scoop net (mesh size; 1 3 1 mm) by sweeping. Generally, in life historical studies, aquatic invertebrates are mostly killed, preserved, and brought to laboratory for identification, sex determination, and other examinations. However, it was illegal to kill the endangered C. sakishimensis, and preliminary studies also revealed that the population of C. typus was also likely to be effected by regular monthly killing. Therefore, to minimize sampling stress and mortality, specimens were observed on the spot and released back to the pools soon after identification and measurement of orbital total length (OTL) using a caliper to 0.05 mm accuracy. Due to the difficulty in sexing atyid shrimp, individuals were initially categorized into ovigerous females and others which included non-ovigerous females and males. Eggs carried by females were further categorized according to embryonic stage: i.e., eyed-egg and non eyed-egg. The preliminary survey was conducted to estimate sex ratio in different size classes of both species. In C.
sakishimensis, all individuals smaller than 8 mm OTL were juveniles and difficult to sex due to undeveloped sexual appendages. Consequently, only individuals larger than 8 mm OTL were sexed. The maximum length of males was about 18 mm OTL, and all specimens above 18 mm OTL were females. The sex ratio was 0.5 in 8-18 mm OTL size class. Similarly, C. typus individuals smaller than 8 mm OTL were also juveniles. The sex ratio in 8-22 mm OTL size class of C. typus was 0.5, and all individuals larger than 22 mm OTL were females. The estimated sex ratios of both species were further used to estimate the percentage of ovigerous females in the total samples.
In total, 19 ovigerous females of C. sakshimensis and 20 ovigerous females of C. typus were collected during the present study and preserved in 75% alcohol for fecundity analysis. In the laboratory, eggs were removed from the pleopods of ovigerous females, counted under a binocular microscope (Nikon SMZ-U), and the length and width of 20 eggs from each specimen were measured using a micrometer. The OTL of each specimen used for fecundity estimations was measured under a microscope. For the length-frequency analysis, 2 mm size classes were constructed. Monthly data from all six stations were pooled for this analysis.
Water temperature was measured on stations using a digital handy meter (YSI model 63-10, YSI, USA) in the day-time. Monthly rainfall data was obtained from the local government office of Kikai town.
RESULTS

Monthly Changes in Water Temperature and Rain Fall in Kikai-jima
Water temperature started to rise from March and then fell after October, while it was highest from July to September and lowest from December to February during the study period (Fig. 2) .
In Kikai-jima a high rainfall was observed in June or July in every year; i. Monthly Changes in Size of Caridina typus in Kikai-jima Caridina typus was the most abundant species in Kikaijima recording the total 8939 individuals of which only 1.43% (128 individuals) was ovigerous. Orbital total lengths of the smallest and largest individuals were 4.4 and 34.8 mm, respectively. Small individuals in length class 6-8 mm were observed frequently in August and October 2005, in January to March and August to December 2006. In 2007, the small individuals were found in January to March and August to December, and in 2008 they occurred in January and February. Numbers of individuals were usually high throughout the study period, but they decreased to very low numbers during June and July and increased again in September in each year (Fig. 4I , II).
Reproduction and Fecundity of Caridina sakishimensis and C. typus
The OTL of smallest ovigerous C. sakishimensis in Kikiajima was 16.9 mm (Fig. 3I, II (Fig. 5) .
The OTL of C. sakishimensis ovigerous females used for the fecundity analysis ranged from 17.1 to 29.1 mm with average of 24.5 6 2.6 (SD) mm. The number of eggs varied from 240 to 2942. The average number of eggs was 1502.8 6 777.4 (SD), and mean egg length and width were 0.49 6 0.04 (SD) mm and 0.28 6 0.02 (SD) mm, respectively (Table 1) .
The OTL of the smallest C. typus female carrying eggs was 11.7 mm. Ovigerous females were found in June and August 2005, from April through October 2006, and from March through December 2007. The percentage of ovigerous females was less than 20% of the mature females, except for July 2007, when the total number of individuals captured was remarkably small (N 5 11) (Fig. 6) .
The number of eggs in C. typus varied with body size. The smallest ovigerous female (11.7 mm) carried 126 eggs, whereas the largest (34.3 mm) one carried 3542 eggs. The mean number of eggs was 1372 6 775.7 (SD). The eggs were oval in shape and measured 0.46 6 0.03 and 0.27 6 0.01 mm in length and width, respectively (Table 1) . Fig. 2 . Monthly rainfall in Kikai-jima and mean monthly water temperature with standard deviations in the headwaters of Kikaijima Island. Table 1 . Mean and standard deviation of orbital total length of ovigerous femles, egg numbers, egg length and egg width (mm) of Caridina sakishimensis and C. typus. 
DISCUSSION
The spawning season of C. sakishimesis and C. typus in the headwater streams of Kikai-jima was observed from March to November and March to December, respectively. Ovigerous females of C. sakishimensis showed seasonal trends more clearly, i.e., they occurred from March to November, and higher percentages of ovigerous females were observed during June to September. Consequently, the early spawning period of C. sakishimensis can be deduced as lasting from March to May, while the main spawning season occurs from June to September, when 50% to 80% increase in population at other times is due to recruitment of juveniles. However, further studies along the river stretch will ascertain the emigration or downstream hatching migration of C. typus.
Both Caridina typus and C. sakishimensis carry large broods. Atyids carrying small sized eggs are mostly characterized by high fecundity and prolonged larval development (Shokita, 1981; Hayashi and Hamano, 1984) . Caridina zeylanica Arudpragasam and Costa, 1962 and Caridina typus with planktonic larval stages were found to carry a large number of small sized eggs (Choy and Marshall, 1997; De Silva, 1982) . Species with large sized eggs usually have low fecundities and abbreviated or direct larval development. Caridina pristis Roux, 1931 and Caridina serrata Stimpson, 1860 are reported to have larger sized and fewer number eggs and show direct development (De Silva, 1988a; Yam and Dudgeon, 2005) . High fecundity and small sized egg of both C. saksihimensis and C. typus suggest that both species may be diadromous. In fact, Suzuki (2001) reported diadromy in C. typus. However, detailed studies on C. sakishinemnsis along the river stretch are required to confirm its life cycle.
Although a low number of ovigerous females of C. typus occurred, they showed similar reproductive period as that of C. sakishimensis. However, there is a differentiation in the embryonic stages carried by C. sakishimensis and C. typus. The ovigerous females of the former had both non eyed-eggs and eyed-eggs, while almost all ovigerous females of the latter had non eyed-eggs only. This difference leads us to suggest that the ovigerous females of C. typus move quickly downstream or into brackish waters to spawn, using the headwaters only as a nursery, while those of C. sakishimensis stay in the headwater streams only until their larvae hatch. Hence, despite the similarity in spawning season and egg size, there is a difference between both species in the use of the headwater stream during the different stages of breeding.
Juveniles of C. typus were found commonly during the spawning and post-spawning season (August to February), indicating continuous recruitment. On the other hand, juveniles of C. sakishimenis were observed only a few times (July 2006, and August to September 2007) , indicating that they recruit at a mature age.
Future studies on the detailed life cycle of C. sakishimensis and C. typus along the entire stretch of the river will provide clearer information concerning the life cycle and migration of these species.
